Abstract: The main goal of the presented research was to verify the possibility of obtaining ecological selfcompacting concrete of low hardening temperature, containing di erent types of cements with calcareous y ash W as main component and the in uence of these cements on basic properties of fresh and hardened concrete. Cements CEM II containing calcareous y ash W make it possible to obtain self-compacting concrete (SCC) with similar initial owability to analogous mixtures with reference cement CEM I and CEM III/B, and slightly higher, but still acceptable, owability loss. Properties of hardened concretes with these cements are similar in comparison to CEM I and CEM III concretes. By using cement nonstandard, new generation multi-component cement CEM "X"/A (S-W), self-compacting concrete was obtained with good workability and properties in hardened state.
Introduction
Eco-concrete is de ned as a concrete which uses waste materials as at least one of its components, its production process does not lead to environmental destruction, and it has high performance and life cycle sustainability (Fib Bulletin No. 67 : Guidelines for green concrete structures, 2012). The eco-concrete is characterised by the optimization of use of materials and mix design, which especially includes: minimization of cement and clinker content through its substitution with mineral additives; enhanced workability of fresh concrete, best by using self-compacting concrete (SCC), enhanced durability and service life, and last but not least, acceptable cost, obtained by usage of commonly and locally available low cost materials and technologies. (Suhendro, 2014) Thermal e ects associated with cement hydration are of particular importance for concrete durability (Neville & Brooks, 2010) . They can cause cracking in the whole volume of concrete element lowering its durability and shortening its service life-time. The problem is especially important in the case of SCC which is usually characterized by high cement content. Thus, composition concept of eco-SCC with low hydration heat was developed and presented in (Gołaszewski & Cygan, 2017a ) (Gołaszewski & Cygan, 2017b) .
One of mineral admixtures which could be used in eco-concrete is calcareous y ash W (CFA-W). CFA-W can be the main constituent of cement (EN 197-1:2002 , EN 2012 -1:2012 , however its use is limited due to signicant changeability of its chemical composition and physical properties, a high content of free calcium and sulphur compounds which are potentially detrimental to the durability and shrinkage of concrete and its high water demand which negatively a ects workability, as seen in (Dziuk et Gibas, Glinicki, & Nowowiejski, 2013) show no negative in uence of CFA-W on properties of hardened concrete and that negative in uence of CFA-W on the workability of fresh concrete may be lower when it is used as a main constituent of cement, as seen in (Czopowski i in., 2013; Dziuk i in., 2013; Gołaszewski i in., 2013). Moreover, CFA-W has pozzolanic and hydraulic properties, due to the high content of active silica, mostly in amorphous phase; hydration mechanisms of CFA-W were presented in (Giergiczny, Garbacik, & Ostrowski, 2013).
The main goal of the presented research was to verify the possibility of obtaining eco-SCC containing di erent types of cements with CFA-W as a main component. The scope of application of eco-SCC covers all types of construction, but it is especially dedicated for to semimassive and massive constructions. Therefore, the in uence of CFA-W addition to cement for SCC was analysed, both in terms of possibility of obtaining SCC concrete, and its thermal characteristics.
Materials and methods.
In uence of 7 types of cements containing CFA-W W as a main component on properties of fresh and hardened selfcompacting concrete was investigated. Properties of these cements, produced by the Institute of Ceramics and Building Materials in Cracow, are presented in details in Table 1 . Cements were obtained by intergrinding the constituents. As data in Table 1 indicate, properties of cements containing CFA-W meet the requirements for common cements according to EN 197-1. The properties of SCC with CFA-W cements were compared to concretes with CEM I and CEM III/B cements.
Concrete composition is presented in Table 2 . Concretes were designed according to the concept of eco-SCC with low hydration heat, rst of all aiming at minimization of cement content, and thereby clinker content in concrete. Flowability of all eco-SCCs was designed for slump ow diameter 650 mm ± 40 mm ( ow class SF1 -SF2, according to EN 12350-8:2010) by appropriately choosing the amount of superplasticizer (SP). Polycarboxylic-etherbased SP was selected on the basis of preliminary tests as giving optimal balance between high uidity and stability of the fresh concrete. Natural aggregate was used with maximum grain diameter of 16 mm, with 45 % of ne fraction (<2 mm).
The scope of the research included the following properties and tests:
• Consistency and ow time T of concrete was tested using slump-ow test (EN 12350-8). The stability of SCC was evaluated with the Visual Stability Index (VSI; ACI 237 R-07). Measurements were performed 5 and 60 min after the end of mixing. The air content in the concrete mix was determined according to EN 12350-7, 5 min after the end of mixing.
• Development of concrete hardening temperature was tested using 250 mm cubic samples insulated using styrofoam coating of thickness 100 mm and thermal conduction coe cient 0.044 W/m·K ( Fig. 1 ). Temperature of concrete was measured in the middle of a cube, with a temperature probe inserted into concrete at the time of concreting. External temperature during the test was 20 • Setting time of concrete was tested using Schleibinger Vikasonik ultrasonic system (Fig. 1 ). Transmitter and receiver were placed on the sides of cubic sample tested for of concrete hardening temperature development.
• Hydration heat of cements was measured using isomeric calorimeter TamAir. Measurement was held during 72 hours at a temperature 20
• C.
• Compressive strength after 1, 7 and 28 days was tested according to PN-EN 12390-3, samples were cured according to PN-EN 12390-2.
Six samples were tested for each concrete, and average value was used in the analysis.
Test results and discussion.
Obtained results are compiled in Tables 3 and 4 . Flowability loss increases with the increase of content of CFA-W in cement. Negative impact of CFA-W on consistency can be linked to its high water demand (Gołaszewski i in., 2013) . If the content of CFA-W in cement is on level 15% (B2, B3, B4, B5) the owability loss is clear, but the fresh SCC keeps uidity within class SF1 limits. If the content of CFA-W is between 24 -50% (B6, B7) the uidity loss is so high that fresh SCC uidity is out of SF1 limits, however slump ow diameter remains over 520 mm. In case of fresh SCC with CEM "X"/A (S-W) (B8) slump ow after 60 min remains at the SF1 class limit. Obtained owability allows to use all the cements with CFA-W for SCC for formation of horizontal and vertical elements with regular reinforcement.
All tested fresh SCC were stable, segregation resistant, not exhibiting bleeding (VSI0), and were characterized by the air-content of 1,5 -3,5%. Air content of fresh concretes with CFA-W cements is insigni cantly higher (by about 1 -1,5%) than of reference concretes B0 and B1. It is probably due to higher viscosity of fresh SCC with CFA-W cements, which impedes their ability to remove air from the fresh concrete. The use of cements with CFA-W delays the setting time of concrete in relation to concrete with CEM I cement, and the delay amounts from 50% to even 200% (from 3H to 13 h) ( Table 4 ). The longest delay was observed for concretes B5, B7 and B8 (cements CEM II/B-M (LL-W), CEM IV/B (V-W) and CEM "X"/A (S-W) respectively). Due to higher speci c surface, and despite a large amount of slag, that cement does not delay setting time of concrete as much as cements with CFA-W.
The highest amount of generated heat during the cement hydration process obviously characterized B0 samples (CEM I and SP). The other samples are characterized by lower hydration heat and kinetics of its generation, and the amount of generated heat is mainly dependent on the amount of clinker in cement and cement speci c surface area. Obtained results clearly show the in uence of CFA-W on the reduction of hydration heat of cement and thus maximal temperature of concrete (Fig. 3) . However, the crucial factor seems to be the amount of SP content in concrete. It increases signi cantly in proportion to the amount of CFA-W in cement contributing signi cantly to slowing down of the process of hydration. Taking under consideration the resistance of concrete to thermal cracking, moment of maximum temperature should be as late as possi- 
Conclusions
The conducted research allows to formulate the following conclusions: 1. It was proven that by using CFA-W cements and by optimizing concrete composition it is possible to obtain SCC of acceptable owability, low hydration heat, prolonged setting time and good 28 days strength. ing the new generation multi-component cement. By using cement CEM "X"/A (S-W), self-compacting concrete was obtained with acceptable workability, low hardening temperature and good properties in hardened state. 5. Results indicate that cements with CFA-W can be used to obtain eco-SCC concrete.
